Organic minerals, organic acids and NH-containing organic molecules represent important target molecules for astrobiology. Here, we present the results of the evaluation of a portable hand-held Raman spectrometer to detect these organic compounds outdoors under field conditions. These measurements were carried out during the February-March 2009 winter period in Austrian Alpine sites at temperatures ranging between −5 and −25
Introduction
The occurrence of minerals and organic compounds in rocks provides valuable evidence for the understanding of processes relating to their formation. In magmatic rocks, the molecular association gives testimony to the composition of the pre-existing melt as well as providing information about the temperaturepressure conditions of the cooling process. In metamorphic rocks, the detection of several key minerals appearing together can inform the conditions of transformation of historical precursors in the geological record. When found in the frame of sedimentary sequences, minerals and biomarkers can attest to precursor sedimentary materials, conditions of sedimentary material accumulation and possible ulterior transformation or alteration. This knowledge is fundamental for understanding processes occurring on an evolutionary Earth and can give valuable insight into their origin.
Orbiter-based instrumentation allows large areas of planetary surfaces to be mapped spectroscopically. Such an approach is significant for selection of the landing site for missions focused on in situ research on the planetary body. For Mars, NASA and ESA have launched several orbit-based missions. In the early 1970s, Viking Mars orbiters carried out infrared thermal mapping of the planet (Kieffer et al. 1972) . More recently, the OMEGA instrument on board the Mars Express spacecraft-a visible and infrared mineralogical mapping spectrometer-has provided global mineralogical maps of the Martian surface within a spatial resolution varying between 300 m and 4.8 km (Poulet et al. 2007) . The thermal emission imaging system on the Mars Odyssey mission recently revealed chloride-bearing deposits (Osterloo et al. 2008) , which are important for astrobiologists as such environments can serve as a potential habitat for halophilic micro-organisms (Rothschild 1990; Mancinelli et al. 2004) . Spectroscopic features obtained by the Compact Reconnaissance Imaging Spectrometer for Mars on the Mars Reconnaissance Orbiter (Murchie et al. 2007) have proved the presence of hydrated silicate minerals on the Martian surface (Mustard et al. 2008) , which were revealed previously by the OMEGA instrument (Bibring et al. 2006) .
There is a need to investigate in more detail the chemical and structural character of the surfaces and subsurfaces of new exobiological targets in our Solar System, such as Mars, Titan, Europa and Enceladus. Extant and extinct extremophilic colonization is a key identifier, which relies significantly upon the recognition of diverse terrestrial scenarios that support life in stressed geological environments. Because of the essential requirement for water in the sustenance of life, there is the necessity for the unambiguous detection of water in different states and mineral hydrates, as well as geologically compatible niche minerals on planetary surfaces and subsurfaces. The recognition of important biomolecules and geological host minerals remotely is an important analytical requirement that itself imposes extreme conditions upon the adaptation of terrestrial instrumentation including stringent mass and power budgets, rugged miniaturization and resistance to physical and chemical stresses including extremes of temperature, pressure and radiation insolation. Potentially small concentrations of biomolecules and compounds of interest in mineral matrices have to be detectable and the discrimination between inorganic and organic molecular signatures in the presence of each other is essential. The recent NASA Phoenix mission, even if not orientated towards exobiology, has demonstrated the application of sophisticated remote robotic analytical instrumentation and associated protocols in an extraterrestrial scenario. The confirmation of the presence of water (Smith et al. 2009 ), calcium carbonate (Boynton et al. 2009) as well as perchlorate ions (Hecht et al. 2009 ) in the shallow Martian subsurface of the Phoenix lander site has an important impact for future mission strategies and for the extension of the analytical procedures into an astrobiological domain, not the least of which needs to appreciate the effect of sample preparation and interrogation of the chemically reactive Martian regolith and its subsurface. Hence, it is critically important to evaluate analytical aspects of extremophiles and their geological matrices on Earth to better inform the data that are to be expected from the sending of a miniaturized Raman microspectrometer to Mars as envisaged in the frame of the ExoMars Pasteur mission whose objective is to detect the presence of extant or relict life on Mars and hazards that may affect the future human exploration of Mars.
(a) Raman spectroscopy for biomolecular detection on Earth Several groups of compounds and minerals can be considered as having relevance in astrobiology; these include minerals containing water or OH and NH groups, carbonates, sulphates, clays and organic minerals as well as biomarkers produced in life processes or as a response to an environmental stress, such as pigments, accessory light-harvesting materials, carboxylic acids and hydrocarbons. Here, we focus on these organic compounds because of their general importance on Earth; their potential significance in Martian exploration in which the formation of mineral biosignatures could occur includes subsurface volcanoes, hydrothermal systems, sulphide-rich deposits, ice entrapment and surface water gradients. Although micro-organisms on other planets and moons may have evolved along different metabolic routes compared with terrestrial organisms, nevertheless, they would have had to interact with their host rock surfaces and may, therefore, have developed similar strategies to cope with the environmental challenges (Banfield et al. 2001) .
The viability of Raman spectroscopy for the detection of various organic compounds from extant and extinct microbes in rock samples has been demonstrated along with previous investigations by Wynn-Williams & Edwards (2000) , , Villar et al. (2005) , Villar & Edwards (2006) and others.
Raman spectra of some common natural oxalates of calcium and magnesium have been previously obtained and interpreted . Raman spectra of the less common oxalates humboldtine (ferrous oxalate), glushinskite (magnesium oxalate), moolooite (copper oxalate), natroxalate (sodium oxalate) and oxammite (ammonium oxalate) have also been obtained and interpreted (Frost 2004) .
In previous work from our laboratory, Raman spectra of some rather unusual organic minerals, namely the terpenoids fichtelite and hartite, aluminium benzenehexacaboxylate (mellite), the n-alkane hydrocarbon evenkite, the aromatic hydrocarbon idrialite, the anthraquinone hoelite and the phthalimide kladnoite, were obtained using a laboratory instrument (Jehlicka et al. 2005 (Jehlicka et al. , 2006a (Jehlicka et al. ,b, 2007a reviewed by Jehlicka & Edwards 2008) .
(b) Testing on Earth outdoors
Advances in technical developments and the possibility to miniaturize Raman spectrometric instrumentation have been the prelude for the use of portable instruments in areas as diverse as art , forensics (Harvey et al. 2002; Edwards & Munshi 2005) , drugs of abuse (Hargreaves et al. 2008) , pharmacy (Fini 2004; de Veij et al. 2009 ) and geosciences (Sharma et al. 2003; Jehlicka et al. 2009a,b,c) . Jehlicka et al. (2010) realized the first attempt of testing of a portable Raman system under high-altitude conditions to detect solidified organic acids. Possibilities to detect heteroatomic molecules with N and O under similar conditions were estimated as well (Jehlicka & Culka in press) .
A special Raman spectrometer for seafloor research (DORISS, Deep Ocean Raman In Situ Spectrometer) was constructed to investigate the composition of gas hydrates and their structural aspects Pasteris et al. 2004 ). This sophisticated instrumentation permitted the acquisition of relevant Raman data under extreme pressure conditions on the seafloor at a depth of about 800 m.
The MARTE (Mars Analogue Research and Technology) concept represents a plan for Earth-based Mars rock systems analogue testing by Raman spectrometers (Stoker et al. 2008) . During this testing protocol, Raman probe prototypes are evaluated for detection purposes in the field. Chen et al. (2007) have demonstrated the possibility to use Raman spectroscopy borehole inspection technology to detect organic moieties in the frame of the Rio Tinto Mars analogue complex site. They also showed the application of a commercial portable Raman instrument (Ocean Optics) to detect selenite and gypsum as representatives of exobiologically important minerals.
The common purpose of these experiments is to acquire information remotely in stressed environmental sites, but necessarily these still involve human operation. Several studies focus on the general approach of automated interpretation of complex Raman spectra. Sobron et al. (2008) tested the possibility to detect minerals and to quantify them semiautomatically using Raman spectroscopy; Breier et al. (2009) have reported on the application of a Raman expert algorithm for spectral data processing.
Recently, Jehlicka et al. (2009a,b) realized the first attempts for the detection of minerals based on their Raman spectra under field conditions. The same portable system as used in this study permitted the rapid detection of gypsum, anglesite, barite, cerussite, wulfenite, titanite, realgar, calcite, tremolite, andradite, almandine and quartz. Our objective in the present work was to demonstrate the application of current hand-held Raman spectrometers to the rapid detection of spectral signatures of potential astrobiological targets. White or yellowish coloured compounds, comprising organic minerals, organic acids and nitrogen-containing materials, were investigated under complex high-altitude, low-temperature winter field Alpine conditions.
Material and methods

(a) Samples
Representatives of three groups of organic compounds with potential relevance for astrobiology were investigated here: (i) organic minerals, (ii) carboxylic acids, and (iii) NH-containing compounds.
Whewellite (Ca(C 2 O 4 )·H 2 O) is the most common oxalate found in sediments and coal-bearing series. It is monoclinic (P2 1 /n, Z = 8) and often forms transparent crystals in slates, pelocarbonate concretions or in the frame of hydrothermal veins (Leavens 1968; Hofmann & Bernasconi 1998) . White tabular transparent crystals (MCFS 6423) were investigated. Mellite (Al 2 C 6 (COO) 6 ·16H 2 O) is a tetragonal hydrated salt of benzenehexacarboxylic acid of space group I 41/acd with Z = 8. The structure of the mineral mellite has been confirmed as comprising two Al(H 2 O) 3+ 6 octahedra linked to C 6 (COO) 6− 6 anions by strong intermolecular hydrogen bonds via short water-oxygen contacts (Giacovazzo et al. 1973; Robl & Kuhs 1991) . The sample used here originated in the Mineralogical Museum of Charles Unversity in Prague (MCFS1233). Mineral specimens were transported to St Leonhard (1740 m) where the Raman measurements were carried out (−5
• C). The solid form of organic acids of several representative groups were investigated: pentanoic (mp −20
• C), hexanoic (mp −4 • C), heptanoic (mp −10.5
• C), isophthalic (mp approx. 341
• C), ascorbic (mp approx. 190
• C) and mellitic acid (mp greater than 300
• C). Acids in glass vials were slowly frozen to −25
• C in a freezer. Vials were transported to the measurement site at Hoadl (about 14 km southwest of Innsbruck, Austria) to an altitude of 2340 m using a cool box. Those acids were measured as solids having melting point broadly above 10
• C. Solid forms of nitrogen-containing aliphatic and aromatic compounds of representative groups were investigated. Formamide (mp 2
• C), urea (135
• C) and indoline (−21
• C) were analysed. Compounds in glass vials were slowly frozen to −25
• C in a freezer. Vials were transported using a cool box (−80
• C); the measurement site was at an altitude of 2860 m (on the Pitztaller glacier, 65 km southwest of Innsbruck, Austria, −15
• C). Polystyrene was used as the reference material. All chemicals were purchased from Sigma-Aldrich.
(b) Raman spectroscopy
One of several currently distributed portable and relatively low-cost Raman spectroscopic instruments was tested here, namely the First Defender XL by Ahura, Wilmington, MA, USA. Originally this instrument was developed for defence and security purposes. The instrument (1.8 kg) is equipped with a 785 nm diode laser for excitation and a thermoelectrically cooled charge-coupled device detector operating at −50
• C. The maximum laser output of 300 mW at source was used in this study. The instrument is equipped with a rechargeable 7.4 V internal lithium ion battery, allowing practically about 5 h of measurements in the field. The instrument provides Raman data over the wavenumber range 250-2875 cm −1 . Here, for the purpose of organic minerals, organic acids and nitrogen-containing organics detection, we have limited this to the 1200-200 cm −1 spectral wavelength range. The effective spectral resolution of this instrument during current application lies between 7 and 10 cm −1 . All measurements were carried out by shielding the specimen and instrument contact area from stray light using a black cloth. Before measurements commenced, vials were carefully opened and the spectra collected as quickly as possible. Typical data analysis times were 20-60 s and optimization of the number of accumulations to improve the signal-to-noise ratio was carried out by the software automatically.
Raman spectra were exported into the Galactic * SPC format. Spectra were then compared using GRAMS AI (v. 8.0, Thermo Electron Corp., Waltham, MA, USA). The Raman spectra were normally not subjected to any data manipulation or processing techniques and are reported generally as collected, although in several cases baseline subtraction was effected to illustrate the spectral imprint as shown in figure 1 ; clearly, the use of this will decrease the speed of data processing and eventual mineral identification. 
Results
(a) Raman spectroscopic analysis of organic minerals
Whewellite can easily be identified by the First Defender Raman instrument under outdoors low-temperature conditions. The band at 1631 cm −1 corresponds to antisymmetric CO stretching, and a medium band at 1490 cm −1 and a strong band at 1462 cm −1 are assignable to symmetric CO stretching (figure 1a). Strong intensity and weak features at 896 and 866 cm −1 are due to C-C stretching and are also well recognized by the instrument under test. In the low-wavenumber region, the Raman band at 521 cm −1 and the strong band at 505 cm −1 are assigned to OCO bending, and the lowest wavenumber band observed by the portable instrument at 224 cm −1 corresponds probably to T 2 (H 2 O) (Edwards & Falk 1997) . All the bands observed by the portable instrument at high-altitude outdoors conditions correspond well to the values obtained using the bench instrument as well as to the data published by Shippey (1980) .
In the case of mellite, the medium Raman band around 1554 cm −1 corresponds to the asymmetric stretch of the COO − units. The strong band at 1468 cm
and a weak one at 1387 cm −1 are probably the symmetric stretching modes from the same COO − groups (figure 1b). The medium band at 1227 cm −1 is assigned to a C−C ring vibration. The bands owing to ring-plane bending modes of the COO − at 809 and 773 cm −1 also appear in the spectra obtained by the mobile instrument. The latter was identified as a weak or very weak feature. The lowest two bands successfully identified by the mobile Raman spectrometer are located at around 362 and 327 cm −1 and are assigned to the aromatic ring deformations. 
(b) Raman spectroscopic analysis of carboxylic acids (i) Formic acid
The strongest spectral differences owing to structural changes compared with liquid-state measurements (Tomlinson et al. 1970 ) have been observed in formic acid (figure 2a). The band corresponding to C=O stretching vibration was registered at 1626 cm −1 , which is 29 cm −1 lower than the value obtained by Tomlinson et al. (1970) corresponding to measurements carried out at a temperature of 10
• C. The band of medium intensity assigned to the single C−O bond stretching vibration in the present work is located at 1238 cm −1 , therefore shifted about 30 cm −1 higher compared with the work of Tomlinson et al. (1970) . The band owing to the C−H bond vibration at 1075 cm −1 is also slightly shifted towards higher wavenumber, whereas the position of the band at 1397 cm −1 corresponding to the same vibrational mode is not changed, which is in agreement with the temperature dependency observed by the authors cited above. A band of very weak intensity at 678 cm −1 corresponds to the d(OCO) vibration. Lowfrequency Raman bands at 224 and 258 cm −1 are in correspondence with the work of Blumenfeld & Fast (1968) and are assigned to the OH and H bond vibrations (Tomlinson et al. 1970; Bartholomew & Irish 1999) .
(
ii) Acetic acid
The strong band owing to C−C stretching vibration appears at 905 cm −1 (figure 2b). The broad band at 1659 cm −1 is ascribed to the C=O stretching vibration in solid-state acetic acid (shifted about 6 cm −1 to lower wavenumber compared with the liquid state as described by Nakabayashi et al. (1999) ). The weak bands between 1200 and 1500 cm −1 are assigned to CH 3 deformation and C−O stretching modes, respectively (Ng & Shurvell 1987) . The strong to medium bands at 629, 599 and 452 cm −1 can be assigned to the rCO 2 vibrations (Haurie & Novak 1965; Génin et al. 2001) . Spectral changes of the Raman spectra at lowfrequencies (below 200 cm −1 ) could not be observed owing to limited spectral range of the instrument.
(iii) Pentanoic, hexanoic and heptanoic acids
Raman spectral features of these three organic acids are very similar. However, slight shifts of particular Raman bands were observed, allowing us to determine the molecule. Three C−C bond vibrational modes (medium to strong intensity) were observed. The band at 1064-1066 cm −1 is located at a similar position without any important shift for all three acids. Pentanoic acid has a Raman band at 1131 cm −1 (figure 2c), which matches the bands of hexanoic and heptanoic acids at 1118 and 1120 cm −1 , respectively. Another C−C band of pentanoic, hexanoic and heptanoic acids is located at 916, 925 and 910 cm −1 , respectively (figure 2). The band at 1444 cm −1 (pentanoic acid) can be attributed to the combination of C−O stretching and O−H deformation. The band owing to the C−O stretching vibration is located around 1305 cm −1 for all three acids. In the case of the other two acids, this band appears at 1436 (hexanoic) and 1438 cm The strongest shift related to the structural differences of the three acids was observed in the case of the band that can be attributed to the d(CCC) vibrations (strong intensity). The band appears at 354 cm −1 for pentanoic acid and shifts towards lower wavenumbers with increasing length of molecule to 331 (hexanoic acid) and 288 cm −1 (heptanoic acid). Vibrational assignments have been adopted from Vogel-Weill & Gruger (1996) .
(iv) Isophthalic acid
Bands of strong intensity were identified at 1002 and 761 cm −1 (figure 3a). These bands correspond to the d(CC) and g(OCO) vibrations and fit well to the previously published values (Arenas & Marcos 1980) . A weak band located at 1636 cm −1 is attributed to n(C=O) stretching, whereas very weak bands at 1616 and 1325 cm −1 are due to n(CC) (A 1 , B 2 ) vibrational modes. The band at 1303 cm −1 corresponds to the n(C−O) vibration. Bands of medium intensity at 653 and 379 cm −1 are assigned to the d(OCO) and g(CC) vibrations, respectively.
(v) Ascorbic acid
The broad band of medium intensity at 1668-1656 cm −1 corresponds to the n(C=O) vibration of the lactone. The band positions are in excellent agreement with the study of De Gelder et al. (2007) . Band assignments are adopted after Panicker et al. (2006) . The medium-intensity band at 1320 cm −1 is interpreted as a CH bending (wagging) vibration. The band owing to C−O−H bending (twisting) is at 1258 cm −1 . The bands at 1130 and 822 cm −1 correspond to C−O−C stretching and C=C ring-stretching vibrations, respectively. Bands of medium to strong intensity between 629 and 567 cm −1 are assigned to the OH out-of-plane deformations/C-C ring stretching (figure 3b).
(vi) Mellitic acid
The band positions of mellitic (benzenehexacarboxylic, C 6 (COOH) 6 ) acid (figure 3c) correspond very well to the Raman spectra observed by Jehlicka et al. (2006a) using a bench spectrometer, namely the Renishaw inVia micro-Raman instrument, equipped with 514.5 nm excitation. The bands of medium and strong intensity owing to the O−C−OH in-plane deformation are located at 795 and 738 cm −1 , which is in excellent agreement with the value obtained by Jehlicka et al. (2006a) . The broad band at 1673 cm −1 is assigned to the asymmetric nCOOH vibration in aromatic acid. The two bands at 1425 and 1334 cm −1 are interpreted as symmetric nCOO vibration in aromatic acid. The band owing to the aromatic ring deformation is located at 376 cm −1 .
(c) Raman spectroscopic analysis of nitrogen compounds
The NCO stretching vibration band is observed at 1677 cm −1 and the NH 2 deformation vibration band is located at 1393 cm −1 ; both bands are in good agreement with previous Raman observations (Smith & Robinson 1957) . The NH 2 symmetric rocking vibration band can be seen at 1140 cm −1 and the CH out-of-plane bending vibration band lies at 1050 cm −1 (figure 4a). These bands correspond probably to the bands at 1133 and 1041 cm −1 as observed by Itoh & Shimanouchi (1972) . The bands at 639 and 615 cm −1 can be attributed to the NCO deformation vibration. The strongest broad band located at 208 cm −1 is attributed to the lattice vibrations.
(ii) Urea
The band located at 1648 cm −1 is attributed to the NH 2 symmetric deformation vibration and the band located at 1540 cm −1 to the CO symmetric stretching vibration (figure 4b), both bands being in very good agreement with previous observations (Keuleers et al. 1999) . The CN antisymmetric stretching vibration band is located at 1466 cm −1 ; its symmetric counterpart can be found at 1010 cm −1 and represents the strongest band in this spectrum. The NH 2 symmetric rocking vibration band is located at 1176 cm −1 . The Raman band at 573 cm −1 corresponds to the CO deformation vibration.
(iii) 3-Methylpyridine
The band at 1593 cm −1 corresponds to the CH 3 symmetric deformation vibration band, and the feature at 1228 cm −1 is the C−CH 3 stretching vibration band (figure 4c). The Raman band at 1041 cm −1 can be attributed to the CH deformation vibration. Wavenumbers of these medium-to-strong intensity bands are in very good agreement with previous laboratory investigations (Gandolfo & Zarembowitch 1977) . Other important bands located at 1190, 1041, 801, 631 and 536 cm −1 are clearly observed and attributed to the ring skeletal vibrations.
(iv) Indoline
The bands located at 1608 and 1328 cm −1 are attributed to the six-membered ring skeletal vibrations. Bands located at 1248 and 1020 cm −1 are attributed to the in-plane CH deformation vibrations in the six-membered ring (figure 4d). The band at 1152 cm −1 can be attributed to the NH in-plane deformation vibration. The five-membered ring skeletal vibration bands can be found at 880, 778 and 590 cm −1 . The out-of-plane deformation vibration bands are located at 860 cm −1
(CH) and at 531 cm −1 (NH). Proposed assignments are derived from comparison with similar indole molecular Raman features (Lautié et al. 1980) .
Discussion (a) Practical aspects
A useful operational 'lifetime' in the mountain conditions of up to about 3 h was demonstrated for the instrument before a battery recharge was found to be necessary. In this case, supplementary charged batteries can be installed.
Direct solar illumination and the positioning and stability of the instrument head during the measurements are found to be of major importance for obtaining acceptable Raman spectra. All measurements were, therefore, carried out using a black cloth to create shadow conditions for the collection of the Raman spectra. Relatively difficult stable positioning of the instrument during measurements represents a limitating aspect, especially under lowtemperature conditions. This is valid especially for longer accumulation times. The working distance between the front lens of the portable spectrometer and the sample was optimized for the best signal-to-noise spectrum recording. It was found that this optimal distance corresponds to 2-5 mm between the specimen surface and the optical head window of the instrument. All the compounds investigated are white or yellowish. This aspect can be seen as an advantage for the 785 nm laser Raman measurements. However, for similar measurements of the Raman spectra of dark-coloured compounds and minerals, important absorption and fluorescence problems occurred. The 785 nm diode lasers seem to be advantageous in the exobiology field for general organics detection. For mineralogical research, 532 nm lasers have demonstrated additional advantages.
(b) Concentration issues
In this paper, the first general step was achieved-Raman detection of pure organic compounds under complex conditions. For geoscience as well as for exobiology areas, another challenge consists in detecting low to trace contents of biomolecules or organic minerals in the frame of natural matrices. In previous studies, a laboratory Raman microspectrometer was used to detect low content of b-carotene in evaporitic matrices. A concentration of 1 mg kg −1 was the limit for identification of at least some of the characteristic spectral signatures of bcarotene using the 785 nm excitation source in the frame of halite, epsomite and gypsum powders (Vítek et al. 2009a,b) . Only much higher contents of usnic acid (1 g kg −1 ) in similar powders and settings were detected (Osterrothová & Jehlicka 2009 ). Clearly, in these cases, the illuminated volume is much lower compared with the tested portable instrument not equipped with an optical microscope. The potential occurrence of organics on a mineral surface of a thin superficial film can represent another potential complication for future Raman application. Additionally, the application of Raman spectroscopy to detect biomolecules in the frame of complex mixtures can become arduous. On Earth, in sedimentary rocks, organic biomarkers occur in the frame of aliphatic/aromatic hydrocarbon mixtures. More testing of the current Raman instrumentation is necessary to understand whether portable systems could be applied in such real-world situations.
Conclusions
In this paper, we have described a successful application of a commercially available hand-held Raman spectrometer to obtain Raman spectra under highaltitude mountain field conditions. This stage is a beginning to learn about the possibilities of small portable Raman spectrometers working under nonlaboratory natural conditions. Raman spectroscopy has been advocated for exobiological investigations, especially for Mars studies (Ellery et al. 2004; Klein et al. 2004) . Testing of several prototypes for the ExoMars mission is currently focused especially onto technical features. Here, practical aspects were examined of Raman systems currently accessible for chemical research. Organic minerals, pure organic acids and nitrogen-containing organics were detected unequivocally using their most intense Raman bands found at their correct wavenumber peak positions, corresponding to previously published values. Portable Raman instrument measurements represent significant progress in obtaining spectral data outdoors. The significance of the experience obtained lies in potential field applications in geoscience as well as exobiology areas. The results obtained demonstrate that a miniaturized Raman spectrometer equipped with 785 nm excitation could be applied with advantage as a key instrument for investigating the presence of organic minerals, organic acids and nitrogen-containing organic compounds outdoors under terrestrial low-temperature conditions. Within the payload designed by ESA and NASA for several missions focusing on Mars, Titan, Europa and other extraterrestrial bodies, Raman spectroscopy can be proposed as a key analytical tool for the in situ identification of organic compounds relevant to life detection on planetary and moon surfaces or near subsurfaces.
